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^ (57) Abstract: A stabilised gain semiconductor optical amplifier (CG-SOA) includes and active waveguide (1) comprising an ampli- 
fication medium (2), extending in longitudinal (Z), lateral (X) and vertical (Y) directions, and coupled to a laser oscillation structure 

Q comprising at least two resonant cavities (13, 14) extending in first (Dl) and second (D2) directions which are different from die 
longitudinal direction (Z) of the active waveguide (1) and arranged in such a way as to permit the establishment of laser oscillations 
having at least two different relaxation oscillation frequencies. 
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SEMICONDUCTOR OPTICAL AMPLIFIER WITH LATERAL AND DISTRIBUTED 
GAIN STABILISATION 

The present invention concerns the field of optical devices and more particularly fliat 

5 of stabilised gain semiconductor optical amplifi^, better known by the English acronym CG- 
SOA (standing for 'Clamped Gain-Semiconductor Optical Amplifier*). 

Optical amplifiers known as CG-SOAs are semiconductor structures vAdch comprise 
an active waveguide, which is possibly tapered, extending in a longitudinal direction and 
coupled, as shown in Figure 1, to a resonant cavity formed by at least one distributed Bragg 

10 lattice or grating (referred to as DBR standing for Distributed Bragg Reflector^, placed at one 
longitudinal end of the active waveguide, substantially perpendicularly to the longitudinal 
axis Z. That coupling induces laser oscillations vMch make it possible to stabilise the carrier 
density of the structure and consequently its gain. By virtue of that stabilisation of the carrier 
density it is possible to suppress the gain variations which normally occur in conventional 

IS optical amplifiers in the presence of variations in the input power. The gain can thus remain 
substantially constant oier a wide range of operating parameters such as input power, output 
power and control current In addition, m contrast to conventional amplifiers, CG-SOAs have 
a reduced level of crosstalk. They are consequentiy particularly well suited for optical 
switching by wavelength multiplexmg (or WDM standing for 'Wavelength Division 

20 Multiplexing^. 

However, by virtue of the &ct that it is the accumulated gain along the longitudinal 
direction and not the gain at every point in the longitudinal direction which is stabilised by the 
laser effect, and by virtue of the fact that they have a relaxation oscillation firequency which 
does not exceed some gigahertz (Hz), those CG-SOAs permit a reduction in crosstalk only for 
25 low rates of typically less than 1 Gbits/s. Beyond those rates crosstalk becomes preponderant 
again. 

To remedy that disadvantage, a new structure has recentiy been proposed, which is 
referred to as a linear optical amplifier (or LOA standing for l^inear Optical Amplifier^. That 
structure comprises a very long VCSEL 'Vertical Cavity Surface Emitting LaserO, permitting 
30 stabilisation of the gain vertically while substantially reducmg crosstalk, including at a higih 
rate. I 

However, the implementation of that type of structure is particularly complex, in 
particular by virtue of the fact that it necessitates vertical mirrors and a horizontal SOA 
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Structure. In addition that type of structure is a current consumer by virtue of the fact that the 
control current has to pass through at least one Bra^ muror. 

Therefore the object of the mvention is to remedy all or part of tiie above-mentioned 
disadvantages. 

S For that purpose it proposes a stabilised gain semiconductor optical amplifier (or CG- 

SOA), including an active waveguide comprising an amplification medium and coupled to a 
laser oscillation structure. 

By definition it is considered that the structure of the optical amplifier extends in 
three mutually perpendicular directions, a direction referred to as the 'longitudinal* direction 

10 (Z), defining the longitudinal axis of the optical amplifier (and consequentiy its longitudinal 
extent (or lengtii)), a direction referred to as the 'lateral' direction (X), defining the lateral 
extent (or vddth) of the optical amplifier, and a direction referred to as the "vertical' direction 
(Y), defining the direction of stacking of the layers and the vertical extent (height) of tiie 
active waveguide. 

IS That optical amplifier of CG-SOA type is characterised in that its las^ oscillation 

structure comprises at least two resonant cavities extending in first and second directions 
which are different firom the longitudinal direction (Z) of the active waveguide and arranged 
in such a way as to permit the establishment of laser oscillations having at least two different 
relaxation oscillation firequencies. 

20 In a first embodiment the resonant cavities are preferably defined by distributed 

Brs^g reflectors (of type DBR for "Distributed Bragg Reflector') and are of different optical 
path lengths and/or are associated with different wavelengths. 

The resonant cavities and the active waveguide may share a part at least of the 
amplification medium. In an alternative configuration however the resonant cavities may 

25 involve first and second directions which are substantially mutually parallel and substantially 
perpendicular to tiie longitudinal dhection (Z). In that case the. resonant cavities share 
different portions of the amplification medium of the active waveguide. 

Moreover one at least of the resonant cavities may comprise an amplification 
structure involving multi-mode interference (or MMI standing for "Multi-Mode Interference*). 

30 In the multi-mode zones the active guide being wider, the transverse laser cavity is therefore 
longer, which makes it possible to relieve the constraints on the reflection coefficient of the 
transverse DBRs, which is involved in establishment of the laser effect. 

Such resonant cavities can be formed either at the level of the amplification medium 
in a passive waveguide disposed on respective sides of the longitudinal sides of the active 
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waveguide, or in a passive waveguide disposed below tiie active waveguide and on respective 
sides of the longitudinal sides of the latter. 

In a second embodiment the resonant cavities are defined by a structuring formed 
along the longitudinal sides of the active waveguide which are parallel to the longitudinal 
S direction (Z) and having at least one forbidden photonic band comprising at least two 
different reflection directions for a wavelength contained in the amplification band of the 
active waveguide (at that wavelength the photons are in the guided mode). 

The expression 'structuring formed along the longitudinal sides of the active 
waveguide* means that the structuring extends over the entire length L of the active region of 
10 the optical amplifier or over a part thereof substantially in parallel relationship wifli a plane ' 
defined by the vertical (Y) and longitudnial (Z) directions. Moreover the term 'structuring 
with a forbidden photonic band' is used here to denote a n-dimensional lattice (n bemg 
preferably equal to 2 but it can also be equal to 1 or 3), the physical properties of which afford 
control of the propagation of light, which can go as far as prohibiting it for certain 
15 wavelengdis m certain directions in ^ace. 

Preferably also the structuring substantially defines a photonic crystal of holes or ' 
columns which constitute diffiracting elements. The pitch or the mesh of that photonic crystal 
involves dimensions of the order of the wavelength (of operation) of the photons in the guided 
mode, which flow in the active waveguide. For example in InP the pitch is of the order of 400 
20 nm for an operating wavelengdi of about ISOO nm. Still more preferably the holes or columns 
extend substantially parallel to the direction (Y) of stacking of the layers. 

Moreover the photonic crystal is a structure of which the base 'cell' is preferably a 
triangle or a square. The air filling factor of that structure, which is defined as the ratio 
betiveen the sur&ce area of the holes and the total sur&ce area, is preferably of the order of 
25 about 35%. 

In addition in this second embodiment lateral guidance can be effected in the same 
maimer as in a conventional strip or by the photonic crystal structure when one or more rows 
of holes is removed therefiom. 

Other features and advantages of the invention will be apparent from the detailed 
30 description set forth hereinafter and the accompanying drawings in which: 

Figure 1 is a diagrammatic view in cross-section in the plane (YZ) of a CG-SOA of 
the prior art» 

Figure 2 diagrammatically illustrates a first embodiment of a CO-SOA accordmg to 
the invention in a view in cross-section in the plane (ZX), 



wo 2004/036702 




•CT/IB2003/005041 



4 

Figure 3 diagrammatically shows a first variant of the embodunent of Figure 2 in a 
view in the plane (ZX), 

Figure 4 diagrammatically shows a second variant of the embodiment of Figure 2 in a 
view in the plane (ZX), 

5 Figure S is a diagrammatic view in cross-section in the plane (XY) of a second 

embodiment of a CG-SOA according to the invention. 

Figure 6 diagrammatically illustrates the optical amplifier of Figure S in a view in 
cross-section in the plane (Z?0, 

Figure 7 diagrammatically illustrates the two privileged reflection directions 
10 produced by a photonic crystal of the type used in the second embodunent of Figures 5 and 6, 
and 

Figure 8 is a diagrammatic view m cross-section m the plane (XY) of a variant of the 
second embodiment illustrated in Figure S. 

The dimensions of the difTerent elements constituting the CG-SOAs illustrated in the 
1 S Figures are not representative of their respective actual dimensions. 

The reference system (X, Y, Z) illustrated in Figures 1 to 8 defines the perpendicular 
directions along which the structure forming a CG-SOA extends. The axis Z defines the 
longitudinal direction of the optical amplifier or in other words its length. The axis X defines 
the lateral direction of the optical amplifier or in other words its width. And the axis Y defines 
20 the vertical direction of stacking of tiie layers (by convention the bottom of Figure 1 is 
referred to as the 'lower part* of the optical amplifier and Ihe top of Figure 1 is referred to as 
the "upper part* of the optical amplifier). 

Reference will firstly be made to Figure 1 to describe an example of a CG-SOA of the 
prior art 

25 A CG-SOA firstly comprises an active waveguide 1 formed by a stack of layers of 

amplification semiconductor materials m-V as mdicated at 2. For example die active 
waveguide 1 comprises a central layer lA of undoped intrinsic InGaAsP having a forbidden 
band energy corresponding to a wavelength of about l.SS and optionally interposed 
between two layers IB and IC of undoped intrinsic hiGaAsP having a forbidden band energy 

30 corresponding to a wavelength of about 1.18 ^m. That active waveguide 1 is in a band form 
of a height h (in the direction Y), a width 1 (in die direction X) and a length LI (in the 
direction Z), the ends of ^ich are possibly tapered (as illustrated in Figures 2 to 4). 

The 'active* band 1 (which is optionally tapered) is generally buried in a 
semiconductor material m-V, referred to as the upper material 3, for example of P-doped IhP. 



wo 2004/036702 




»CT/ro2003/005041 



5 



Moreover, it is possible to place below (or above) the active band 1, at a selected distance, a 
first passive waveguide 4A formed for example by a layer of doped InGaAsP having a 
forbidden band energy corresponding to a wavelength of about 1.18 Mm. That first passive 
waveguide 4A is in Ae form of a "passive" band whose lateral extent (in tiie direction X) is 
5 substantially equal to that (1) of the active band 1 but of which the lengA L2 (in the direction 
Z) is greater than LI, The first passive waveguide 4A and the upper material 3 in which the 
active waveguide 1 is buried rest on a layer of semiconductor material m-V, refeired to as the 
intermediate layer 5A, for example of N-doped laP, below which there is optionally placed a 
second passive waveguide 4B which is substantially identical to the first passive waveguide 

10 4A. The above-defined assembly rests on a lower layer 5B of the same type as the 
intermediate layer 5 A and itself placed on a substrate 6 of semiconductor material m-V, for 
example of solid InP. Finally the lower face of the substrate 6 (opposite to the lower layer 5) 
is covered by a metallisation layer 7. 

The active waveguide 1 is coupled to a resonant cavity delimited in this case by two 

15 distributed Bragg lattices (or DBR, for T)istributed Bragg ReflectorO 8 which are fomed in 
the first passive waveguide 4A at the level of the two longitudinal ends of the active 
waveguide 1, Those distributed Bragg lattices 8 are for example formed by bands parallel to 
the lateral dhection X and of semiconductor material m-V such as InGaAsP, of which the 
proportions and dimensions make it possible to fix the force of the Bragg lattice. Those Bragg 

20 lattices 8, with the amplification material 2 of tiie active waveguide 1, constitute a resonant 
cavity in which tfie laser effect is produced and which makes it possible to stabilise (or 
'clamp*) tiie carrier density of the structure and consequentiy Its gain in the longitudmal 
direction Z. 

In addition the upper fece of the upper layer 3, in which tiie active waveguide 1 is 
25 buried, is covered with a terminal layer 9 of semiconductor material m-V, for example of 
InGaAs, and the upper face of that upper layer is covered by a metallisation layer 10 m tiie 
part which is disposed above the active waveguide 1. The metallisation layers 7 and 10 at the 
lower and upper ends of tiie structure permit a control current of a selected strengfli to be 
injected into the CG-SOA. 
30 The longitudinal end faces 1 1 and 12 of the structure, which constitute tiie facets of 

tiie optical amplifier, are covered by an anti-reflecting layer (AR) which has substantially tiie 
same coefficient of reflection (for example lower tiian 10*^) in such a w^ as to minimise tiie 
reflection phenomena. 
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Finally in this type of structure forming an optical amplifier the input power Pin is 
introduced by way of one of the longitudinal ends and the output power Pout is collected at the 
opposite longitudinal ead. 

Reference will now be made to Figure 2 to describe a first embodiment of a CG-SOA 
S according to the invention. 

The mvention proposes a clamped gain semiconductor optical amplifier (or CG-SOA) 
which substantially adopts again the arrangement of the CG-SOAs of the prior art, as 
described hereinbefoie with reference to Figure 1, except for the laser oscillation structure. 

In the illustrated example, there is provided only a single layer defining a single 
10 passive waveguide 4 and consequently in place of an intermediate layer 5A and a lower layer 
5B tiie arrangement now only has a single layer S. It will be appreciated however that it would 
be possible to retain the arrangement described with reference to Figure 1 and comprising 
layers 4A, 4B, 5 A and SB. 

Moreover the laser oscillation structure according to the mvention is formed by at 
IS least two resonant cavities 13 and 14 which extend substantially at the same level at least in 
the passive waveguide 4 in first Dl and second D2 directions which are different fix)m the 
longitudinal direction Z of the active waveguide 1 . 

Those two resonant cavities 13 and 14 are arranged in such a way as to permit the 
establishment of relaxation oscillations entailing at least two different firequencies to stabilise 
20 (or 'clampO the carrier density. The relaxation oscillations of the diffident lasers of the 
structure, which provide for lateral distributed stabilisation of the gain, are thus out-of-phase 
and the sum of their contributions becomes substantially constant as a function of time. 
Consequentiy, the overall oscillations i^ich are seen by the amplified waves which are 
propagated in the active waveguide 1 dis^pear. 
2S More precisely when the carrier density N is subjected to a disturbance it varies in 

dependence on time in accordance with the following law: 

dN(t) = dNo cos(©osct) 
m which cooso is the observed fi^uency of the relaxation oscillations defined by: 

30 The fi^quency (Qosg and the damping factor y can be modified by acting on the optical 

path length of the resonant cavity. 

Now, when a plurality of lateral cavities generate laser oscillations the waves 
amplified in the optical amplifier pass through those cavities in succession. A variation in the 
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input power creates oscillations of the carrier density in each cavity. By virtue of the fact that 
those cavities can involve oscillation fiequencies and damping fectors which are different, the 
cumulative amplification effect results in an output power of which the dynamics are less 
fluctuating. The waves amplified in the optical amplifier therefore see modulation of the 

S carrier density dN which is a function of the mean value of those different oscillations. 

The two resonant cavities 13 and 14 are preferably each defined by two Bragg 
reflectors of distributed Bragg lattice type (or DBR) which are disposed on respective sides of . 
the longitudinal sides of the amplification medium 2 at least in a part of the passive 
waveguide 4 which is placed below (or, in an alternative configuration, above) same at a 

10 spacing, in tiie vertical direction Y, which is so selected as to permit coupling thereof to the 
amplification medium 2. For that purpose and in contrast to the CG-SOA of the prior art the 
passive waveguide 4 of the CG-SOA of the invention has a lateral extent 12 (in the direction 
X) which is very markedly greater than that (II) of the active waveguide 1. The optical 
frequency of each laser is entirely determined by the pitch of the correq>onding Bragg lattice. 

15 Hie Bragg lattices not being buried, it is possible to achieve elevated levels of 

contrast. A reflectivity of 99% can flius be obtained with an amplification medium 2 
involving a length of about S p, m and a number of periods of the lattice equal to three for an 
index contrast of 1.0/3.22 or equal to four for an index contrast of l.S/3.22 or equal to six for 
an index contrast of 2.0/3.22 or again equal to eleven for an index contrast of 2.5/3.22. 

20 To obtain two different relaxation oscillation frequencies die resonant cavities 13 and 

14 may involve different optical pafli lengdis and/or may be formed differently m such a way 
as to be associated with different wavelengths. 

In the example illustrated m Figure 2 the two resonant cavities share substantially the 
same portion of the amplification medium 2 and have both different optical path lengths and 

25 different Bragg lattices associated with different wavelengths. In addition those two resonant 
cavities do not involve any phase relationship. 

In order to avoid usmg excessively high control currents one at least of the resonant 
cavities 13 and 14 may involve an active length which is slightly increased by the expedient 
of a structure of type MMI for "Multi-Mode Interference' which is placed along the active 

30 waveguide 1. Hiat type of MMI structure is described in particular in the document by L B 
Soldano and E C M Pennings 'Optical multimode interference devices based on self-imaging: 
principles and applications' Journal of Lightwave Technology, Vol 13, No 4, April 1995, 
pages 615-627. Such a structure makes it possible in &ct to enlarge the active guide over a 
given length while making it possible to obtain at the output of die MMI a monomode wave 
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which is coupled without loss into die waveguide of the amplifier. That amounts to increasing 
the active surface area IS and therefore the active length of the corresponding lasers. That 
alternative configuration of the CG-SOA of Figure 2 is diagranunatically illustrated in Figure 
3. 

5 In tiie two examples set fordi herembefore with reference to Figures 2 and 3 the two 

resonant cavities 13 and 14 extend in directions Dl and D2 which are different from each 
other and different from the longitudinal direction Z of the active waveguide 1. In this case 
the angles between the directions Dl and Z on the one hand and D2 and Z on the other hand 
are acute and typically of the order of 30^ It is preferable to choose angles of a small value in 
1 0 such a way that the laser covers a substantial part of the active waveguide 1 . 

However, as illustrated in Figure 4, the two resonant cavities 13 and 14 may extend in 
directions Dl and D2 which are substantially identical and therefore substantially 
perpendicular to the longitudinal direction Z of the active waveguide 1. In that variant of the 
embodiments of Figures 2 and 3 the two resonant cavities 13 and 14 involve substantially 
IS identical Bragg lattices and physical lengths but they comprise different structures of type 
MMI which induce different amplification surfaces 16 and 17 and therefore different optical 
path lengths, which is manifested by different relaxation oscillation frequencies. In addition, 
in this variant, the two cavities use totally different portions of amplification medium. 

In anotiier variant the two resonant cavities could comprise different Bragg lattices 
20 and/or could involve different physical lengths with or without a structure of type MMI, 
which are optionally different. 

Reference will now be made to Figures S to 7 to describe another embodiment of a 
CG-SOA according to the invention. 

This embodiment comprises a laser oscillation structure whose resonant cavities are 
2S greatly different from those set forth hereinbefore with reference to Figures 2 to 4. 

The active waveguide 1 is here coupled to a distributed reflector in the form of two 
identical diffracting lattices 18 and 19 formed on respective sides of the longitudinal sides of 
the active waveguide 1, defined by the plane (YZ), m a part at least of the upper layer 3, in 
which the active waveguide 1 is buried, and in the passive waveguide 4. More precisely, for 
30 practical reasons related to the procedure involved m production of the diffracting lattices 18 
and 19, they extend in the vertical direction Y over the entire height of the upper layer 3 
which is placed above the lateral parts of the passive waveguide 4, which project on 
respective sides of tfie two longitudinal sides of the active waveguide 1 . 
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Each difBracting lattice 18, 19 is here a particular structuring referred to as 'forbidden 
photonic band' of the upper layer 3 and of the passive waveguide 4. Hereinafter a diffracting 
lattice is deemed equivalent to its structuring. 

That type of n-dimensional lattice (n preferably being equal to 2 but it can also be 
5 equal to 1 or 3) is well known to the man skilled in the art* It is described in particular in the 
document by E Yablanovitch, J opt Soc Am BIO, 283 (1993), 'photonic bandgap structures'. 

The two diffractmg lattices 18 and 19 are here designed m such a way as to have (at 
least) an energy band which is forbidden to ceitain light photons which are emitted in the 
active waveguide 1. In that forbidden band there are at least two particular directions Dl and 
10 D2 (as illustrated in Figure 7), for which reflection is particularly significant for certain 
wavelengths which are m the amplification band of the active waveguide. Accordingly the 
laser effect can be produced in those directions if the gain is sufBcient. In this embodunent, it 
is the Bragg reflections in those two directions Dl and D2 which make it possible to obtain 
two different relaxation oscillation frequencies. 
IS In other words the two diffracting lattices 18 and 19 jomtly define a multitude of 

resonant cavities which extend in said directions Dl and D2 and make it possible to achieve 
lateral distributed stabilisation of the gain of tiie structure forming the optical amplifier. 

Preferably the structuring 18, 19 ^ctends at least over the whole of the length LI of 
die active waveguide 1 and over all or part of the lateral extent of the part of the upper layer 3 
20 which is placed above the lateral parts of the passive waveguide 4, which are disposed on 
respective sides of die active waveguide 1. It is in fact important for die structuring to extend 
substantially over the width of the optical mode or at least over a part tfaeieof. 

. In the example illustrated in Figures 5 to 7 the structuring 18, 19 defines a photonic 
crystal of holes 20 which extend substantially in the vertical direction (axis Y) and constitute 
25 diffracting elements which provide a periodic variation in the dielectric constant. Such holes 
20 can be produced by means of etching procedures known to the man skilled in the art such 
as for example dry etching of nanometric patterns defined previously by electron beam 
lithography. That mode of production of the distributed reflector avoids the growth 
resumption steps which are often delicate and troublesome. 
30 In an alternative configuration it would be possible to produce a photonic crystal of 

columns in place of die photonic aystal of holes. 

That photonic crystal is preferably a paving arrangement of substantially contiguous 
convex polygons and share each of their edges with a single adjoining one. The number of 
periods along the axis Z and the piteh of the paving arrangement (or lattice) and the 
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dimensions of the holes (or columns) are selected in dependence on the privileged reflection 
directions Dl and D2 and of course the wavelength of the photons in the guided mode 
(operating wavelength of the optical amplifier). That pitch is typically of tiie order of the 
wavelength of fliose photons. Moreover the type of pavmg arrangement (just like the pitch) is 
S selected as a function of the particular directions Dl and D2 of the forbidden photonic band 
for which reflection is particularly significant for certain wavelengths. 

As illustrated that type is preferably an equilateral triangle. However it could equally 
involve squares or diamonds, the edges of which are of substantially equal sizes. 

In that type of equilat^al triangular two-dunensional lattice tfie reflections are 
10 produced in the privileged directions Dl and D2 for wavelengths Xb which are determmed by 

the Bragg condition A© « ncff Vs a, wherein rics is the mean index of the structuring and a is the 
pitch of the lattice (or constant of the lattice). 

Moreover the interaction length between the photons and the electrons is given by 

the relationship L© = ^ ^|3 a, for a guide of type Wn designating a photonic ciystal in 

15 which n rows of holes have been removed. In the case (illustrated) of a guide involving a 
photonic crystal of type W2, the foUowmg is deduced from the preceding relationship: 

Lc=|V3a. 

It will be recalled diat the two base vectors which define the mesh of a triangular 
crystal in real space are given by: 

20 ai = |(u, + V3S7) §2 = f (Ux - V3S7) 

in which Ux and Uz are unitary vectors along the axes X and Z respectively. 
Moreover the base vectors in reciprocal space are given by: 

bi =-|^(Qx +7307)72 62 =-^(u, -V3Qr)/2 

w a 

It can be noted that it is also a triangular lattice in reciprocal space, with a rotation of 
25 90^ with respect to real space. 

Jn addition the Bragg condition for an incident wave of vector k| is given by the 
relationship: 

kf=k, +G 
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in which kf is the wave vector for which diffraction is at a maximum and G is the wave 
vector in reciprocal space, given by the relationship: 
G = mbi+nb2 

in which m and n are both integers. 
S With those definitions a laser oscillation can be established when tiie following 

conditions are satisfied: 

iCf =-k, kf =G/2 

A plurality of solutions satisfying the aforesaid laser oscillation conditions, there are 
therefore a plurality of privileged directions such as Dl (that is to say b^) , and D2 (that is to 

10 say 82) . In a triangular lattice of the type illustrated the angle between Dl and the axis z is 

30** and the angle between Dl and D2 is 120^ 

It will be apparent firom the relationship referred to hereinbefore that there is a 

multiplicity of privileged directions (defined by all the combinations of m and n). However, it 

is easier to attain the laser oscillation conditions in the directions Dl and D2 by virtue of a 
1 S strong reflection and a significant cavity lengdi in those directions. 

By way of illustrative example, for an operating wavelength of the CG-SOA of about 

l.SS in air, the value of the pitch of the lattice a is about 450 nm. 

For example, to obtain an emission wavelength of about l.SS in air, with a device 

having an effective index of about 3.2, the pitch of the lattice must be about 4S0nm, and the 
20 lateral ^ctent (X) of the crystal must be at least to that of the transverse mode, that is to say 

typically 4 f^m for each side. Moreover the separation distance d between the longitudinal (or 

lateral) sides of the active waveguide 1 and the photonic crystals 18 and 19 is typically of the 

order of a micrometer, for example between 0 and 2 (un, so as to permit a good interaction 

between the guided ligiht and the holes. 
2S Reference vnH now be made to Figure 8 to describe a variant of the embodiment 

illustrated in Figures S to 7. 

What distinguishes fliis embodiment fit>m that described hereinbefore is the fact fliat 

the active waveguide 1 is no longer in the form of a band (which is possibly tapered) but it is 

in the form of a multi-layer structure of a width 12 substantially equal to the width 11 of the 
30 layer constituting die passive waveguide 4. Consequentiy the active waveguide 1 is no longer 

buried m a layer 3 but it is placed (in this example) between two layers 3 A and 3B, the layer 

3B here being placed above the passive waveguide 4. 
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The two diffracting lattices 18 and 19 are still fonned along the longitudinal sides of 
tiie active waveguide 1 which are defined by the plane (YZ). In this variant however they are 
fonned in a part at least of tiie layer 3A, in the layer SB, in the passive waveguide 4, and in 
the active waveguide 1. In addition one or more rows of holes is or are removed from the 
S structuring 18, 19 so that it defines tiie resonant cavities while ensuring lateral confinement of 
the carriers. 

It is important to note that the layer 3B, the passive waveguide 4 and the layers IB 
and IC are optional. Consequentiy, when there is only an active waveguide 4, fonned by the 
single active region 2 (or layer lA), the diffracting lattices 18 and 19 are fonned m a part at 
10 least of the layer 3A and in the active waveguide 1 . 

The invention is not limited to the embodiments described hereinbefore solely by way 
of example but it embraces all the variants that the man skilled in the art can envisage within 
the scope of the claims hereinafter. 
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CLAIMS 

1. A stabilised gain semiconductor optical amplifier including an active waveguide 
(1) comprising an amplification medium (2)» extending in longitudinal (Z), lateral (X) and 
vertical (Y) directions, and coupled to a laser oscillation structure, characterised in diat said 
laser oscillation structure comprises at least two resonant cavities (13, 14; 18, 19) extending in 
first (Dl) and second (D2) directions which are different firom the longitudinal direction (Z) 
of the active waveguide (1) and arranged in such a way as to permit the establishment of laser 
oscillations having at least two different relaxation oscillation fi-equencies. 

2. An optical amplifier accordmg to claim 1 characterised in that said resonant 
cavities (13, 14) have different optical path lengttis. 

3. An optical amplifier according to one of claims 1 and 2 characterised in that said 
resonant cavities (13, 14) are associated with different wavelengtfis. 

4. An optical amplifier according to one of claims 1 to 3 characterised in that said 
resonant cavities (13, 14) and said active waveguide (1) share at least in part said 
amplification medium (2). 

5. An optical amplifier according to one of claims 1 to 3 characterised in diat said 
resonant cavities (13, 14) have first (Dl) and second (D2) directions which are substantially 
parallel to each other and substantially perpendicular to said longitudinal direction (Z) and 
each share different portions of said amplification medium (2) of the active waveguide (1). 

6. An optical amplifier according to one of claims 1 to 5 characterised in that one at 
least of said resonant cavities (13, 14) comprises a multi-mode interference amplification 
structure. 

7. An optical amplifier according to one of claims 1 to 6 characterised in that said 
resonant cavities (13, 14) are defined by distributed Bragg reflectors. 

8. An optical amplifier according to one of claims 1 to 7 characterised in that said 
resonant cavities (13, 14) are formed at least in a passive waveguide (4) which is placed 
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below said active waveguide (1) on respective sides of the longitudinal sides of said active 
waveguide (1)* 

9. An optical amplifier according to claim 1 characterised in fhat said resonant 
cavities (18, 19) are defined by a structuring formed along tiie longitudinal sides of the active 
waveguide (1), which are parallel to said longitudinal direction (Z), and having at least one 
forbidden photonic band comprising at least two different reflection directions (Dl, D2) for a 
photon wavelength included in the amplification band of said active waveguide (1). 

10. An optical amplifier according to claim 9 characterised in that said structurmg 
(18, 19) is produced at least in part in an upper layer (3) in which said active waveguide (1) is 
buried and in a passive waveguide (4), along the longitudmal edges of said active waveguide 
(1). 

11. An optical amplifier according to claim 9 characterised in that said structuring 
(18, 19) is produced ui said active waveguide (1) on respective sides of its longitudinal axis 
and in a part at least of an upper layer (3) which is placed above said active waveguide (1) 
and in a passive waveguide (4), placed below said active waveguide (1). 

12. An optical amplifier according to one of claims 9 to 1 1 characterised in that said 
structurmg (18, 19) defines substantially a photonic ciystal of holes (20) or colunms 
constituting diffracting elements and defining a mesh of the order of the wavelength of the 
photons in the guided mode flowmg in said active waveguide. 

13. An optical amplifier according to claim 12 in combination with one of claims 10 
and 1 1 characterised in that said holes (20) or columns extend substantially parallel to said 
vertical direction (Y) of the active waveguide (1). 

14. An optical amplifier according to one of claims 12 and 13 characterised in that 
said photonic crystal is a paving arrangement of substantially contiguous convex polygons 
and share each of their edges with a single adjacent one. 




FIG.5 
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